Due to obvious difficulties in handling the roots for its characteristic position the study of root system regarding its genetical aspects is very limited. Like all aerial portions root is also under genotypic control.
Particularly rice (oryza sativa and allied species) is such a type of crop which has an exceptionally wider range of adaptability fitting all possible agro-ecological situations.
This fitness of the crop must have been conferred by both natural selection and selection by man. Hence it is easily conceivable that this fitness as well as flexibilities are a function of varying genotypes controlling the anchorage of the plant.
In recent years studies have been taken on the root types of alfalfa by Adams', Jones and Hanson2~ and Heinrichs and Morley3 4' on its creeping rootedness. "It appeared that although the creeping root character versus tap or branch-,root was quite highly heritable the degree of spread seems to be strongly influenced by non additive genotypic and environmental factors and perhaps by genes determining vigour of growth". Unfortunately such informations regarding genotypes of root types in rice appear to be completely lacking. Although Nagai et al.5-$) have published a series of papers entitled "cultivated rice varieties from the view point of root characters" informations about the nature of inheritance of root characters are not yet known. Roy9~ has recently reported that when two varieties of rice are planted together, each may influence the yield of the other and interaction takes place mainly through water which indicates indirectly the interaction between the root systems of different rice varieties.
The scope of the present investigation really arose (1959) (1960) while studying the responses of different varieties of cultivated types of paddy to embryo culture technique.
Considerable variations with regard to the rate of growth and the number of roots were noticed in different varieties under common cultural conditions. In order to ascertain to what extent these variations are heritable, genetic studies involving two varieties of paddy were taken up.
The present study further opens up fresh possibilities in the study of inheritance of root-types in crops which following usual procedure on field material is extremely limited by the type of the crop. Further, the experimental conditions being fairly controlled and kept uniform the genetic variability to the nutrient requirement and uptake by different varieties can also be critically studied.
Material and Methods
The varieties, `Ashkata ' and ` Baok ', which showed marked difference in their root system ( Fig. 1 ) already detectable at the seedling stage were selected for the present study.
"Ashkata", an Indian variety which is a long duration and lodging type, was obtained from Chinsura Rice Research Station, Government of West Bengal. "Baok", an Indonesian photoinsensitive variety, which is also a long duration type with stiff straws, was obtained from Central Rice Research Institute, Cuttack. Crossings were made between these two varieties in September 1959 following hot water emasculation method.
Ten F1 seeds were obtained.
Immediately after harvesting, 5 of the hybrid seeds obtained were put to dissected embryo culture, four of which germinated and out of those four, three survived up to maturity.
Maximum root length and number of roots for each of these hybrids was noted at the age of 20 days. These data have been presented in Table 1 . Seeds of these plants were obtained at the end of February 1960. F2 plants were raised from these seeds in the same year. To avoid en.vipes and the F2 segregates were grown types, 20 each, were grown at a time and m es at an interval of one week.
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and Their Interpretations ysis of variance of the results obtained in out to be (1) 0.08 with 2,57 d.f., in the case on maximum root length and (2) 0.59 with means on number of roots.
the case of comparison of experimental means on number of roots. On the basis of the above findings the pooled means obtained for the parental varieties on both the characters have been compared using the F-statistics.
As the calculated values of F 131.02 with 1,117 d.f. in case of root length, 101.43 with 1,115 d.f. in case of number of roots, being highly significant at 1 percent level of significance it may be concluded that the two varieties differ significantly in respect of both maximum root length and the number of roots.
The analysis of variance of the results obtained f . , from the different F2 families show tha t in the case of comparison of means of F2 families on the maximum root length and 2.09 with 2,235 d, f . , in the case of comparison of means of F2 families on number of roots. As these F values are smaller than the significance values it may be concluded that there is no significant difference between the F2 families in respect of the characters studied.
These F2 families having derived from the three F1 hybrids involving identical parents should have the same genetical variations. Any significant interfamily variation would be due to the effect of environment. Analyses of variation between families indicate that this component for both the characters in F2s are not significant.
Hence the variations observed within the F2 families must have a genetic basis.
The coefficients of variation for root length are of equal order in both the parents (Table 4 ). Whereas coefficients of variation for root number in the parental lines are different ( Table 5 ). The coefficient of variation in F2 plants regarding root length (Table 4) is larger than either of the parents, showing segregation for this character.
This rules out the possibility of a simple Mendelian inheritance of this character unless the heritability is assumed to be exceptionally low. Both the distribution pattern and the variance characterize the polygenic inheritance for this character.
The coefficient of variation for the F2 plants, regarding root number (Table 5) , is larger than either of the parents indicating the same type of segrega- Table 2 . Frequency distribution of plants according to root length (cm). tion as in the case of root length. It should be mentioned here that the coefficient of variation in regard to number of roots is rather high in case of ` Ashkata ', which indicates that this is either due to the presence of residual heterozygosity for this character or due to the instability of the character itself.
Since root length of seedlings has shown quantitave nature of inheritance, further partitioning of the total genetic variance into fixable and non-fixable components would be very useful in obtaining further details about the gene action. In this experiment, from the nature of distribution it is very difficult to say to what extent this variation is due to the additive or interaction genetic variance. The pooled mean of the root lengths and the pooled mean of the number of roots in the case of F2 plants (Table 4 & 5) are close to the parental means (6.36 cm in case of root length and 3.01 in case of number of roots), which indicate absence of any dominance in regard to these characters.
The F1 means (Table 1 ) also support the same conclusion. Thus the present observation indicates that these genotypic variations are predominantly additive in nature.
More detailed data would be required to ascertain if some non-additive factors are also involved in the inheritance of such characters as clearly shown by Heinrichs and Morley (1960, 1962) .
Further, the present observation, although determined at the seedling stage, confirms that the difference in growth rate shown by the two parental varieties is nevertheless genetically controlled. This consistent difference in growth rate, noted at a particular age of the seedling under strictly controlled conditions, may be considered to be due to the genetic control of the growth rates by the two distinct genotypes represented by these i.ndica and javana:ca varieties of Orivzq sgtiuq, Sinnott10~ has attributed such differences in growth response to be due to differential meristematic activities.
General Conclusions
In rice breeding programme one of the main objectives is to find out a suitable strain, which can utilize effectively a heavy amount of manuring.
Because both the stand of the crop and its yield have been found directly related to its capacity of increased utilization of fertilizers.
The high yielding japonica varieties, which are also short culmed, non-lodging types, easily with-stand the effect of heavy manuring.
It has been claimed by Matsubayashi et al. that one of the factors affecting the change in the absorption velocity of various nutrients such as nitrogen, potassium and phosphorus is directly associated with the characteristics and the distribution of the root system of the plants.
Further, the amount of nitrogen as well as phosphorus absorption has been found to have close relation to the number of new roots which the individual plants are capable of producing.
It may be inferred therefore that those varieties which are capable of producing more number of new roots would also be able to withstand heavy manuring and would be non-lodging types.
`Baok ', a javanica variety used as one of the parents in the present experiment is a non lodging high yielding type and can stand heavy manuring. This variety when compared with `Ashkata ' the other indica parent produces significantly higher number of roots.
Results obtained from the present experiment have shown that this character of the root system is heritable and its mode of inheritance is similar to other quantitative characters.
The relative capacities for production of higher number of roots by different varieties under strictly identical cultural conditions may, therefore, be used as a suitable genetical index in screening different varieties or F2 segregates for selection purposes.
Similarly the relative efficiencies of individual plants in a large population of F2 segregates in regard to their capacities for utilizing heavy amount of chemical fertilizers can also be determined.
In this respect, culturing of embryos in culture medium under controlled conditions appears to offer promising scope to rice breeders.
Summary
Considerable variations in the number of roots and in their rate of growth in different varieties of paddy have been observed when dissected embryos were cultured.
To ascertain whether these variations are heritable two varieties ` Ashkata ' with long but fewer roots and ` Baok ' with shorter and larger number of roots were used as parents.
F and F2 populations from the above cross were analysed and the following inferences have been made:
(1) The two varieties differed significantly in respect of both the maximum root length and the number of roots. (2) The coefficients of variation for the F2 plants regarding the number of roots and the maximum root lengths were larger than either of the parents. The variance observed characterize the polygenic inheritance for root length as well as number of roots. Further, the present observation, although determined at the seedling stage, confirms that the difference in growth rates shown by the two parental varieties is nevertheless genetically controlled.
Embryo culture technique has thus opened up a new scope to determine more easily than hitherto possible the mode of inheritance of various characteristics associated with the root systems , including relative capacities for utilizing heavy amount of chemical fertilizers by different varieties of paddy.
